Electroporation of dendritic cells (DC) with mRNA encoding tumor-associated antigens (TAA) for cancer immunotherapy has been proved efficient and clinically safe. It obviates prior knowledge of CTL and Th epitopes in the antigen and leads to the presentation of multiple epitopes for several HLA alleles. Here we studied the migration capacity and the antigen expression of mRNA-electroporated DC (mRNA-DC) in lymph nodes after vaccination in melanoma patients. DC were electroporated with mRNA encoding gp100 or tyrosinase, labeled with indium-111 and superparamagnetic iron oxide particles, and injected intranodally in melanoma patients 24 to 48 hours before scheduled dissection of regional lymph nodes. Immunohistochemical analysis of the lymph nodes after surgery revealed that mRNA-DC migrated from the injection site into the T-cell areas of the same and subsequent lymph nodes, where they expressed the antigen encoded by the electroporated mRNA. Furthermore, vaccine-related CD8 + T-cell responses could be detected in 7 of 11 patients vaccinated with mRNA-DC. Together these data show that mature DC electroporated with mRNA encoding TAA migrate and express antigens in the lymph nodes and induce specific immune responses.
Introduction
Immunotherapy targeted against cancer aims at activating the immune system to destroy tumor cells. Many tumors express tumor-associated antigens (TAA), which can be exploited as targets for immunotherapy. Because antigen presentation by tumor cells themselves is insufficient to induce an adequate immune response, more potent antigen-presenting cells (APC) are required. Dendritic cells (DC) are professional APC, with the ability to initiate and maintain immune responses (1) . Early clinical studies reported the feasibility and safety of DC vaccinations (2) . Whereas immunologic responses have been reported frequently, the number of clinical responses is still low. One crucial aspect of DC-based vaccines concerns the efficacy of antigen loading of DC. Thus far, mostly DC loaded with defined tumor peptides have been used for the induction of antitumor immunity (3) (4) (5) (6) . These DC are exogenously loaded by incubation with peptides binding directly to MHC class I and/or MHC class II molecules on the cell surface. Because peptide-loaded DC expose antigen only for a short period of time (7), various other methods have been explored to introduce whole TAA into DC. These include viral vectors (8) , RNA encoding tumor antigen (9) (10) (11) (12) (13) (14) , whole tumor cell contents (apoptotic tumor cells or tumor cell lysate; refs. [15] [16] [17] , and fusion of tumor cells with DC (18, 19) . The use of DNA or RNA encoding tumor antigens, whole tumor RNA, or tumor lysates to load DC is attractive because no knowledge of nominal epitopes in the tumor antigen is required, nor is there a restriction for the HLA type of the patient. Proteolytic processing of the (endogenously produced) antigen within the DC will result in loading of suitable peptides onto MHC molecules expressed by the DC. Furthermore, the use of whole antigens instead of peptides has the advantage that multiple epitopes for both CTL and Th cells can be presented by the DC. DC transfected with mRNA encoding TAA or with whole tumor mRNA have been shown to induce potent antigen-and tumor-specific T-cell responses (reviewed in refs. 20, 21) . The advantage of the use of synthetic mRNA is that transfection with RNA is not considered gene therapy and does not induce the risk of adverse events due to integration in the host genome. Furthermore, autologous tumor is often not available and the use of whole tumor lysates or RNA may increase the risk of induction of autoimmunity.
Antigen-loading by mRNA electroporation of monocyte-derived DC was shown to be very efficient (22, 23) . We previously observed that electroporation efficiency was highest when using mature DC and that electroporated DC show the same immunostimulatory capacities as untreated cells in vitro (24) . To induce an adequate immune response, it is important that DC migrate to draining lymph nodes and into the T-cell area (25) . We therefore investigated the in vivo migratory behavior of mRNA-electroporated DC (mRNA-DC) in a phase I/II clinical trial with melanoma patients. We included patients with melanoma that were scheduled for lymph node dissection, which provided a unique opportunity to study not only in vivo migration (by scintigraphy) but also the localization and in situ antigen expression of the mRNA-DC within the lymph node by immunohistochemistry of isolated nodes. We here show that DC electroporated with mRNA encoding TAA actively migrate into T-cell areas after intranodal injection and express the encoded antigens in situ for at least 24 hours. Furthermore, DC vaccine-related CD8 + T-cell responses could be detected in melanoma patients vaccinated with mRNA-DC.
Materials and Methods
Peptides. The following HLA-A2.1-restricted peptides were used: gp100-derived peptides gp100 154 (amino acids 154-162, KTWGQYWQV) and gp100 280 (amino acids 280-288, YLEPGPVTA) and tyrosinase-derived peptide tyrosinase 369 (amino acids 369-377, YMNGTMSQV).
Plasmids and in vitro mRNA transcription. Plasmid pGEM4Z-5 ¶UT-hgp100-3 ¶UT-A64 was provided by Kris Thielemans (Free University of Brussels, Belgium). pGEM4Z-5 ¶UT-tyrosinase-3 ¶UT-A64 was constructed by digestion of pGEM4Z-5 ¶UT-tNGFR-3 ¶UT-A64 with BglII and XbaI and digestion of pcDNA1.amp/tyrosinase with BamHI and XbaI and insertion of the tyrosinase into the cut pGEM4Z. Plasmids were linearized with SpeI (pGEM4Z-5 ¶UT-CEA-3 ¶UT-A64) or NotI enzyme (pGEM4Z-5 ¶UT-tNGFR-3 ¶UT-A64, pGEM4Z-5 ¶UT-hgp100-3 ¶UT-A64, and pGEM4Z-5 ¶UT-tyrosinase-3 ¶UT-A64), purified with phenol/chloroform extraction and ethanol precipitation, and used as DNA templates. mRNA was obtained from CureVac GmbH. RNA quality was verified by agarose gel electrophoresis; RNA concentration was measured spectrophotometrically; and RNA was stored at À40jC in small aliquots.
Patients. Eligibility criteria included stage III melanoma according to the 2001 American Joint Committee on Cancer Staging criteria (26) , planned regional lymph node dissection for lymph node metastases, HLA-A2.1 phenotype, melanoma expressing the melanoma-associated antigens gp100 and tyrosinase, and WHO performance status of 0 or 1. Additional eligibility criteria are described previously (3). The study was approved by our Institutional Review Board, and written informed consent was obtained from all patients. Toxicity was assessed using the National Cancer Institute Common Toxicity Criteria. In total, 11 stage III melanoma patients were included. Toxicity was similar to previous DC vaccination studies (27) and consisted of low-grade fever, mild flu-like symptoms, and irritation at the site of injection after the vaccination in some patients.
Treatment schedule. At day À8, peripheral blood mononuclear cells were obtained by leukapheresis for DC culturing. At day 0, patients received an intranodal injection of DC, labeled with both 111 In and SPIO and electroporated with either gp100-or tyrosinase-encoding mRNA (as shown in Table 1 ) directly into a lymph node of the region that was to be resected using a 21-gauge sterile needle (0.8 Â 50 mm; Microlance, Becton Dickinson). Intranodal injections were done under ultrasound guidance 1 or 2 d before the scheduled radical lymph node dissection. Scintigraphic images of the injection depot and corresponding lymph node basin were made directly after injection and before surgery. For one patient, surgery was postponed for >2 wk and was therefore not evaluable. One patient did not have superficial lymph nodes in the designated lymph node area, and one patient received DC labeled with SPIO only. All patients received three subsequent intranodal vaccinations with mRNA-DC at days 14, 28, and 42.
DC culture and labeling. Monocytes were enriched from leukapheresis products by counterflow elutriation using Elutra-cell separator (Gambro BCT, Inc.) and single-use, functionally sealed disposable Elutra sets, as described before (28) and according to the manufacturer's instructions. Monocytes were cultured in the presence of interleukin (IL)-4 (500 units/ mL), granulocyte macrophage colony-stimulating factor (800 units/mL; both from Cellgenix), and keyhole limpet hemocyanin (KLH; 10 Ag/mL; Calbiochem) as described (27) . Immature DC were labeled with SPIO 1 d before maturation induction by adding 200 Ag/mL ferumoxide (Endorem, Laboratoire Guerbet; ref. 29) . DC were matured with autologous monocyteconditioned medium (30%, v/v) supplemented with prostaglandin E 2 (10 Ag/mL, Pharmacia & Upjohn) and 10 ng/mL tumor necrosis factor a (Cellgenix) for 48 h (30, 31) . DC met the release criteria (2): more than 80% of the DC expressed high levels of CD80 and CD86. Mature DC were electroporated with mRNA encoding gp100 or tyrosinase as described below. For the first vaccination, mature, SPIO-labeled mRNA-DC were labeled 2 h after electroporation with 111 In-oxine (Covidien) as described previously (30, 32) .
Electroporation of DC. Mature DC were washed twice in PBS and once in OptiMEM without phenol red (Invitrogen). Twenty micrograms of RNA were transferred to a 4-mm cuvette (Bio-Rad) and 12 Â 10 6 cells were added in 200 AL OptiMEM and incubated for 3 min before being pulsed in a Genepulser Xcell (Bio-Rad) by an exponential decay pulse of 300 V, 150 AF, as described before (24) . For vaccination purposes, electroporation was done under good manufacturing practice conditions. For the first vaccination, 2 to 3 aliquots of 12 Â 10 6 SPIO-labeled DC were electroporated with either gp100-or tyrosinase-encoding mRNA. Electroporation efficiency was analyzed by intracellular staining and fluorescenceactivated cell sorting (FACS) analysis and by immunohistochemistry for each separate TAA. DC for the first vaccination were labeled with 111 In as described above and injected 4 h after electroporation. DC for subsequent vaccinations were frozen 2 h after electroporation, thawed at the day of vaccination, and incubated for an additional 2 h at 37jC before injection.
Flow cytometric analysis (FACS analysis). Flow cytometry was done using the following monoclonal antibodies (mAb) or appropriate isotype controls: anti-HLA class I (W6/32), anti-HLA DR/DP (Q5/13), anti-HLA DR, anti-CD80 (all BD Biosciences), anti-CD14, anti-CD83 (both Beckman Coulter), anti-CD86 (BD Pharmingen), and anti-CCR7 (kind gift of Martin Lipp, Max Planck Institute, Berlin, Germany). For intracellular staining, NKI/ beteb (IgG2b; purified antibody) against gp100 and T311 (IgG2a; Cell Marque Corp.) against tyrosinase were used. Flow cytometry was done with FACSCalibur flow cytometer equipped with CellQuest software (BD Biosciences).
Delayed type hypersensitivity test. Two weeks after four DC vaccinations, a delayed-type hypersensitivity (DTH) skin test was done (3). Briefly, DC pulsed with both gp100 154 and gp100 280 , tyrosinase 369 , or all three peptides or DC electroporated with gp100 mRNA, tyrosinase mRNA, or both were injected intradermally. From these DTH sites, punch biopsies (6 or 3 mm) were obtained and cut in half: one part was cryopreserved and the other part was cultured for 2 to 4 wk in interleukin 2 (IL)-2 (3). T cells were tested for binding allophycocyanin-labeled tetrameric MHC complexes (Sanquin).
Scintigraphic imaging. In vivo and ex vivo planar scintigraphic images were acquired with a gamma camera (Siemens ECAM) equipped with medium energy collimators, at day 0 and 18 h later (30, 32) . Migration was quantified by region-of-interest analysis of the individual nodes visualized on the images and expressed as the relative fraction of 111 In-labeled DC that had migrated from the injection depot.
Iron staining and immunohistochemistry of cytospins and histopathologic sections. Radioactive lymph nodes were dissected from the surgical specimen under guidance of a gamma probe (Europrobe, Eurorad) and then fixed in Unifix (Klinipath). Sections (5 Am) of the resected radiolabeled lymph nodes were stained with Prussian blue to detect SPIOlabeled cells as described previously (29) . Immunohistochemical staining was done on paraffin-embedded tissue sections using mAbs against CD83 (Novocastra), HMB-45 against gp100 (DAKO), and T311 against tyrosinase (Cell Marque Corp.). Antigen retrieval was done by microwave boiling in 10 mmol/L sodium citrate buffer (pH 6.0) for 10 min. After rinsing with PBS, slides were pretreated with 20% normal horse serum for 10 min to reduce nonspecific staining. All sera and antibodies were dissolved in PBS with 1% bovine serum albumin. Subsequently, slides were incubated with the primary antibody at 4jC for 16 to 20 h. The avidin-biotin complex (Vector) method was used for visualization with 3-amino-9-ethyl-carbazole or 3,3 ¶-diaminobenzide hydrochloride solution. Slides were counterstained with hematoxylin solution or nuclear fast red, dehydrated, and mounted in Permount (Fisher Chemicals).
Migration assays. For random migration on fibronectin, we used our previously established migration assay to study migration of DC (33) . For CCR7-mediated migration, a standard in vitro transwell migration assay was used (34, 35) . mRNA electroporation of mature DC was compatible with both SPIO and 111 In labeling according to our current protocols (30, 32, 35) . In previous studies, mature DC were labeled with 111 In directly before vaccination. Because electroporation allows the mRNA to enter the cell by temporarily increasing the cell membrane permeability, 111 In may not be sufficiently retained within the electroporated cell and may leak out. We observed that in DC labeled with 111 In 1 hour after electroporation, 111 In retention during the first 24 hours was comparable to that of untreated cells (Fig. 1A) . Similarly, we checked if SPIO taken up by the DC interfered with mRNA electroporation efficiency and subsequent protein expression. For this, expression of TAA after electroporation was analyzed in SPIO-labeled and unlabeled cells by flow cytometry and immunohistochemistry (Fig. 1B and C) . Labeling of DC with SPIO did not affect the efficacy of mRNA electroporation or the viability and phenotype of the DC (35) . Expression of gp100 measured 4 hours after electroporation was comparable in SPIOlabeled and unlabeled cells (Fig. 1B) . Thus, SPIO-labeled DC can be efficiently electroporated with TAA-encoding mRNA and these cells can be stably labeled with 111 In for tracking in vivo. Efficient migratory capacity of mRNA-DC. Stimulation of T cells not only requires expression of the antigen of interest and of costimulatory molecules by the mRNA-DC, but it is also essential that DC migrate from the injection site into the T-cell areas of the draining lymph nodes. Therefore, we first studied in vitro both the random and the directional migration of labeled and unlabeled DC 4 hours after electroporation. Random migration on the extracellular matrix protein fibronectin (33) was determined by analyzing the tracks of single cells measured by time lapse microscopy ( Fig. 2A) . No significant differences were detected in both the percentage of migrating cells (Fig. 2B ) and the velocity of movement (Fig. 2C) for mRNA-DC and control DC. SPIO labeling resulted in an f15% lower velocity of the SPIO-DC, as was observed previously (35), but did not impede migration (Fig. 2B  and C) . Directional migration toward chemokine CCL21 was slightly diminished when DC were either loaded with SPIO or electroporated with mRNA as compared with controls (Fig. 2D) . These results indicate that after labeling with SPIO, mRNA electroporation, and labeling with 111 In, DC still had sufficient migratory capacities and can be used for studying migration in vivo and detection in situ.
Biodistribution of mRNA-DC after intranodal injection in melanoma patients. For the first intranodal vaccination, DC were electroporated with either gp100 or tyrosinase mRNA and labeled with both SPIO and 111 In. The biodistribution of the DC was imaged after vaccination and before surgery (8 of 11 patients; Table 1 ). Analysis of the scintigraphs revealed major differences in the biodistribution between the various patients. Redistribution of DC over regional lymph nodes other than the injected node varied between none (0%, 2 of 8 patients), intermediate (>0-10%, 2 of 8 patients), and high (z10%, 4 of 8 patients; Table 1) . Representative images are shown in Fig. 3 . Thus, mRNA-DC were detected in multiple lymph nodes after intranodal injection, maximizing the possibility for DC to enter the T-cell areas and to activate specific T cells.
mRNA-DC express TAA in the T-cell area. We next evaluated the migratory capacity and antigen expression of mRNA-DC within the lymph node. For this, individual lymph nodes that contained radiolabeled cells were isolated from the dissected lymph node basin from seven of eight evaluable patients. Although many DC remained at the injection site and lost the expression of CD83 (Fig. 4A) , single SPIO + cells expressing CD83 had migrated into the T-cell areas of lymph nodes from all seven patients (Fig. 4C) . More important, SPIO + DC present in the T-cell area strongly expressed the TAA protein encoded by the mRNA (Fig. 4B and D : gp100, tyrosinase). Gp100 expression by SPIO-labeled DC was clearly detectable in the lymph nodes 24 hours after intranodal injection with gp100 mRNA-DC ( four of four patients; Table 1 ). We could not detect gp100 expression when lymph nodes were removed after 48 hours, but thus far, only one patient was tested. Additionally, tyrosinase expression by mRNA-DC was observed in the T-cell areas of lymph nodes from one of two patients (Table 1) after 24 hours, although in vitro expression of tyrosinase mRNA reached its maximum after 2 to 4 hours and was almost undetectable 24 hours after electroporation (24) . These results show that mRNA-DC not only are capable of migrating from the injection depot into the T-cell areas of injected lymph nodes but also expressed the TAA protein encoded by the mRNA.
Activation of CD8
+ T cells after vaccination with mRNA-DC. To investigate the immune-stimulatory capacities of mRNA-DC, all patients received three additional vaccinations. Measuring antibody responses against KLH, with which all DC had been loaded for immunomonitoring purposes, we detected anti-KLH antibodies (total IgG) in the serum of 6 of 10 patients after vaccination (data not shown). In one patient, antibodies reacting with KLH were already detected before vaccination and were not further analyzed. Furthermore, in all 11 patients KLH-specific T-cell proliferation was detected in the peripheral blood (data not shown).
Next, we studied TAA-specific immune responses by staining of T cells with HLA-A2.1 tetramers with known TAA epitopes (gp100 154 , gp100 280 , and tyrosinase 369 ; ref.
3). Tetramer-binding T cells were found in freshly isolated peripheral blood in one patient after four vaccinations (patient 2E-08: 1.2% gp100 280 ). Because the frequency of peptide-specific T cells in the blood is usually very low and often undetectable, we further analyzed the presence of TAA-specific T cells by inducing DTH responses with intradermally injected mRNA-DC or peptide-loaded DC. We have shown previously that sampling of DTH sites is an effective approach to detect vaccine-related CD8 + T cells and that the specificity of the DTH-infiltrated T cells (DIL) corresponds with the antigen loaded on the injected DC (3). Indeed, TAA-specific CD8 + DIL were found in biopsies of DTH reactions from 7 of 11 patients (Table 1 ). Both gp100-and tyrosinase-specific CD8 + DIL could be detected by tetramer analysis (Fig. 5) . In four patients, CD8 + DIL were specific for both tyrosinase and gp100. In three patients, either gp100-specific CD8 + DIL (one patient) or tyrosinase-specific CD8 + DIL (two patients) were detected. When the specific T cells were cocultured with gp100-or tyrosinase peptide-loaded target 111 In in the pellet and the supernatant. B and C, electroporation of (SPIO-labeled) DC with mRNA encoding TAA results in expression of the respective proteins. SPIO-labeled (described in Materials and Methods) or unlabeled DC were electroporated with mRNA encoding gp100 or tyrosinase. B, intracellular FACS analysis was done 4 h after electroporation. Histograms are shown for isotype control antibody (open curves ) and specific antibody for gp100 and tyrosinase (filled curves ). C, cytospins of unlabeled and SPIO-labeled mRNA-DC were prepared 4 h after electroporation and stained with isotype control antibody or specific antibody for gp100 or tyrosinase and with Prussian blue to detect SPIO-labeled cells (all Â200). cells, they produced significant amounts of IFNg (data not shown; Table 1 , patients 2E-07 and 2E-09). We did not observe differences in the outcome of DIL screening whether the DTH was induced with peptide-loaded DC or mRNA-DC (Table 1 ). These data show that mRNA-DC can induce a de novo immune response (as shown by the KLH responses) and are capable of inducing or expanding functional TAA-specific CD8 + T-cell responses in melanoma patients.
Discussion
Although early clinical trials clearly show the potency of DC therapy, it is clear that the therapy needs further optimization before it can be introduced as a standard cancer treatment (2). Here we studied the effect of electroporation on the migratory and immune-stimulatory capacities of the mRNA-DC in melanoma patients. We found that electroporation had no effect on the migratory behavior of mRNA-DC not only in vitro but also in vivo, as shown by the effective migration of mRNA-DC into the T-cell areas of lymph nodes from melanoma patients. Importantly, these mRNA-DC still expressed the tumor antigen encoded by the electroporated mRNA and were capable of inducing TAA-specific CD8 + T cells. Our data confirm and extend previous studies showing that electroporation of mature DC with mRNA is an effective method to introduce expression of whole TAA (13, 24, 36) . Furthermore, we show that it does not affect the random and directional migratory capacity of DC in vitro. To the best of our knowledge, this is the first time that in situ expression of TAA and in vivo migration of mRNA-DC have been shown after intranodal injection in patients.
A major advantage of injecting DC directly into the lymph node is that all cells are immediately inside the target organ, minimizing the requirements for migration. Scintigraphic imaging revealed that in six of eight patients, DC spread to more than one lymph node after injection. In two patients, the vaccine remained localized in one spot. Scanning the resected lymph node basin for the presence of radiolabeled lymph nodes showed that in only one of these patients were DC not correctly injected into a lymph node, whereas in the other patient DC were inside a lymph node but had not migrated to subsequent nodes. This is an improvement in comparison with our previous study wherein we showed that f50% of intranodal DC vaccinations were not correctly injected + T-cell responses are detected in DTH biopsies. Two weeks after the fourth vaccination, a DTH test was done to monitor specific CD8 + T-cell responses. DC loaded with gp100-or tyrosinase-derived peptides or electroporated with gp100-or tyrosinase-encoding mRNA were injected intradermally. After 2 d, biopsies were taken, which were cultured for 3 to 4 wk in low-dose IL-2. Specificities of the T cells derived from these biopsies were analyzed by tetramer binding. FACS plots are depicted for 2 patients showing CD8 + DIL binding gp100 154 , gp100 280 , and tyrosinase 369 tetramers. Tetramer-binding T cells were detected in 8 of 11 patients.
into the lymph node (29) despite ultrasound guidance of the injection needle by a highly experienced radiologist. In this study, the success rate for the first injection was >87%. Because subsequent vaccinations are injected in another, often easier accessible and nonpathologic lymph node region, we hypothesize that success rates for subsequent vaccination are higher.
Not all injected DC migrated into the T-cell area. Many DC remained at the site of injection and expression of CD83 was lost. Further analysis revealed that DC had lost viability and were phagocytosed by infiltrating macrophages (37) . However, viable DC had migrated into the T-cell areas and expressed the TAA protein encoded by the mRNA inside the lymph nodes of vaccinated patients. We previously showed that of the two TAA mRNA tested, gp100 mRNA resulted in the most stable protein expression (24) . Gp100 protein could readily be detected inside the lymph nodes 24 hours after intranodal injection in all four patients studied. No gp100 expression was found in the lymph nodes 48 hours after injection, but thus far, we were able to test merely one patient. In vitro tyrosinase protein expression peaked 4 hours after mRNA electroporation (24) . Nevertheless, expression of tyrosinase protein by mRNA-DC was found in situ in lymph nodes from one of two patients 24 hours after administration. High steady-state levels of a protein are neither a prerequisite nor a guarantee for recognition by CTL, but the rate of protein processing determines recognition (38) . Fast degradation or processing of protein might lead to efficient presentation of peptides derived from this protein. Indeed, despite low expression levels, specific T cells against the tyrosinase 369 peptide were detected in biopsies from six of the seven patients with TAA-specific T cells. T cells specific for one or both gp100 epitopes were detected in biopsies of five of seven patients. Altogether, T cells specific for one of the HLA-A2.1 binding peptides were present in DTH biopsies taken after four vaccinations in 7 of 11 patients. However, it is likely that T cells of more specificities are induced, both for class I and class II molecules of different HLA alleles. Because the DC are loaded with mRNA encoding the whole TAA, immune responses will not be restricted to HLA-2.1, but the endogenous processing of the TAA and antigen presentation of multiple peptides in both MHC class I and MHC class II molecules will lead to the induction of a considerably larger repertoire of TAA-specific T cells. This could be tested by specific IFNg production by DIL stimulated with long overlapping peptides of gp100 or tyrosinase presented by autologous APC or by electroporating these cells with the mRNA encoding these proteins. The broad specificity of T cells will greatly enhance the potency of DC vaccination and may improve the clinical efficacy of the DC immunotherapy. To date, 9 of 11 stage III patients treated are still disease-free, 1 had stable disease but progressed 8.5 months after inclusion in the study, and 1 had progressive disease. However, in patients with stage III melanoma, a follow-up time of more than 7 years is required before any conclusions about clinical responses can be drawn.
Taken together, after intranodal injection in melanoma patients, mRNA-DC are capable of migrating from the injection depot into the T-cell areas of both the injected and subsequent lymph nodes, while expressing the TAA protein encoded by the mRNA-DC. Moreover, mRNA-DC are capable of activating vaccine-related CD8 + T-cell responses in melanoma patients after vaccination. Thus, electroporation of mRNA encoding TAA is an effective way of loading DC with antigen for vaccination purposes. Clinical results from the ongoing trials in melanoma patients are awaited to address the question of clinical benefit.
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